A novel bacterial strain, YC7001 T , was isolated from the rhizosphere soil of rice collected at Jinju, Korea, and was characterized using a polyphasic approach. Cells of strain YC7001
The genus Chitinophaga first described by Sangkhobol & Skerman (1981) is the type genus of the recently proposed new family Chitinophagaceae (Kämpfer et al., 2011) . Cells of members of the genus Chitinophaga are Gram-negativestaining, non-motile, non-spore-forming rods and are oxidase-variable. At the time of writing, the genus comprises 13 species including four recently described species, Chitinophaga rupis (Lee et al., 2009) , Chitinophaga niabensis (Weon et al., 2009) , Chitinophaga niastensis (Weon et al., 2009) and Chitinophaga eiseniae (Yasir et al., 2011) .
During a study of phosphate-and zinc-solubilizing rhizospheric bacteria, a novel strain, YC7001
T , isolated from a rice field (Oryza sativa L.), was found to solubilize phosphate and zinc compounds. Phosphate-and zincsolubilizing bacteria can play an important role in the utilization of nutrients by plants, which may contribute to enhanced soil fertility and promote plant growth (Saravanan et al., 2007; Chen et al., 2008; Alloway, 2009 ). Here we report the taxonomic characterization of strain YC7001
T and suggest that it belongs to a novel species in the genus Chitinophaga.
Soil samples were collected from a rice field located northeast of Jinju, Korea (35 u 219 11.330 N 128 u 129 45.760 E), in July 2009. A 1 g soil sample was serially diluted in distilled water and an aliquot was spread on R2A agar. The plates were incubated at 30 u C for 1 week and bacterial isolates were purified by subculturing using Pikovskaya (PVK) medium (Nautiyal, 1999) and ZSB medium (Saravanan et al., 2004) for isolation of strains with phosphate-and zinc-solubilizing ability, respectively. Strain YC7001
T was isolated from a colony that showed a clear zone in the media. The strain was routinely cultured on R2A agar media for additional taxonomic experiments.
Cell morphology and the presence of flagella were investigated under a Nikon light microscope (10006 magnification) and a transmission electron microscope (H-600; Hitachi) using cells grown in R2A broth at 30 u C for 48 h. The Gram reaction was determined by using bioMérieux Gram stain kit according to the manufacturer's instructions. Catalase and oxidase tests were performed by the procedures as outlined in Cappuccino & Sherman (2002) . The physiological properties of strain YC7001
T and related type strains including C. sancti NBRC 15057 T , C. ginsengisoli Gsoil 052 T , C. pinensis DSM 2588 T , C. filiformis IFO 15056 T and C. niabensis JS13-10 T were determined using tests as described: hydrolysis of casein, aesculin, gelatin, starch, L-tyrosine and urea (Brown, 2007) , cellulose (Hendricks et al., 1995) , xylan (Ten et al., 2004) , chitin (Singh et al., 1999) , Tween 20 and Tween 80 (Atlas, 1993) . All strains were maintained on R2A agar. Enzyme activities and acid production from different carbohydrates were determined by using API ZYM and API 20E kits, respectively, at 30 u C according to the manufacturer's instructions (bioMérieux). Assimilation of various substrates was determined by using API 20NE galleries and the Biolog GN2 microplate assay as recommended by the manufacturers. Growth at different temperatures (4, 10, 15, 20, 25, 28, 30, 37, 40 and 45 u C) and various pH values (pH 3.0-10.0 at an interval of 0.5 pH units) was assayed after 5 days of incubation. Growth on nutrient agar, LuriaBertani (LB) agar, MacConkey agar, 1/10-strength TSA agar, half-strength TSA agar, half-strength R2A agar, marine agar and R2A agar was also evaluated at 30 u C after 5 days of incubation. The ability of strain YC7001 T and related type strains to solubilize phosphate and zinc was evaluated on PVK and ZSB media, respectively, after 1 week of incubation at 30 u C. Growth under anaerobic conditions was determined for 7 days at 30 u C in an anaerobic GasPak jar containing an atmosphere of CO 2 (Gas-Pack System; Becton, Dickinson and company, Maryland). Salt tolerance was tested in R2A broth supplemented with 0-5 % (w/v, at 0.5 % interval) NaCl after 5 days of incubation at 30 u C. Duplicate antibiotic sensitivity tests were conducted using filter paper discs containing 10 mg tetracycline, 30 mg kanamycin, 10 mg penicillin, 50 mg streptomycin, 10 mg rifampicin, 60 mg chloramphenicol, 10 mg gentamicin and 30 mg vancomycin. Gliding motility was tested using the hanging drop technique as described by Bernardet et al. (2002) . Flexirubin-like pigments were observed by flooding the plates with 20 % (w/v) potassium hydroxide (Fautz & Reichenbach, 1980) .
Cells of strain YC7001
T were Gram-negative-staining, nonmotile, aerobic and rod-shaped. Strain YC7001 T exhibited negative reactions for oxidase and catalase activities. The strain grew well on R2A agar, 1/2 R2A agar, 1/10 TSA, 1/2 TSA, TSA and nutrient agar media, but did not grow on LB agar, marine agar or MacConkey agar media. Strain YC7001 T and the type strains of related species had the ability to solubilize phosphate and zinc. Flexirubin-type pigment was produced. The physiological and biochemical characteristics of strain YC7001
T are summarized in the species description and a comparison of selective characteristics with the type strains of related species is given in Table 1 .
Cellular fatty acids of strain YC7001
T and the type strains of related species were analysed using colonies grown on R2A agar at 30 u C for 72 h. The analysis of fatty acid methyl esters was performed according to the instructions of the Microbial Identification System (MIDI; Microbial ID, Inc.). Extracts were analysed by GC (6890; Agilent) and identified by comparing the fatty acid profiles with the TSBA40 database provided with the Sherlock Software 4.0. Menaquinones were isolated using the methods of Minnikin et al. (1984) and separated by HPLC (Kroppenstedt, 1982) . Polyamines were analysed as described previously (Busse & Auling, 1988; Busse et al., 1997) . For the measurement of the G+C content of the chromosomal DNA, genomic DNA of strain YC7001
T was extracted and purified as described by Ausubel et al. (1995) . It was then enzymically degraded into nucleosides and the G+C content was determined as described by Mesbah et al. (1989) with a reverse-phase C18 column. Polar lipids were extracted by the modified method of Minnikin et al. (1984) and separated by TLC on Merck Kieselgel 60-HPTLC. Aminolipids were detected by spraying the plate with a 0.2 % (w/v) solution of ninhydrin in butanol saturated with water followed by heating at 105 u C for 10 min (Ross et al., 1985) . Phospholipids were detected by spraying the plate with the Zinzadze reagent of Dittmer & Lester (1964) . Glycolipids were detected with 1-naphthol spray reagent by heating at 100 u C for 3-5 min (Jacin & Mishkin, 1965) . Total lipid profiles were detected by spraying with phosphomolybdic acid solution (SigmaAldrich) followed by heating at 150 u C for 10 min.
The cellular fatty acid profiles of strain YC7001
T and the type strains of related species of the genus Chitinophaga are shown in Table 2 . The major cellular fatty acids consisted of C 15 : 0 iso (33.8 %), C 16 : 1 v5c (23.3 %) and C 17 : 0 iso 3-OH (10.3 %). This profile was similar to those of other closely related members of the genus Chitinophaga. However, C 16 : 0 iso 3-OH, C 17 : 0 iso and summed feature 5 (C 18 : 0 anteiso and/or C 18 : 2 v6, 9c) were only detected in strain YC7001 T .
The major respiratory quinone detected in strain YC7001 T was MK-7 and homospermidine as the major polyamine. The genomic DNA G+C content of strain YC7001 T was 41.3 mol%. Strain YC7001 T exhibited a polar lipid profile consisting of phosphatidylethanolamine (PE), unknown aminolipids (AL1-3) and unknown lipids (L2, L3, L5, L8, L11 and L12). Although strain YC7001 T and C. sancti KACC 13046 T had polar lipids (PE, AL1) in common, as detected in the type species of the genus C. pinensis KACC 12763
T (see Fig. S1 available in IJSEM Online), there were differences in For 16S rRNA gene amplification, genomic DNA of strain YC7001 T was extracted using a commercial DNA extraction kit (Core Biosystem). The 16S rRNA gene of the strain was PCR-amplified from the genomic DNA by using a set of primers 27F and 1492R (Lane, 1991) . The amplified PCR product was cloned into the TOPO TA vector (Invitrogen) and sequenced by GenoTech Inc. The 16S rRNA gene sequences were compiled using SeqMan software (DNASTAR) and the sequences of related taxa were obtained from the GenBank database. The multiple alignments were performed with the CLUSTAL_X program (Thompson et al., 1997) . Gaps were edited using the BioEdit program (Hall, 1999) . The phylogenetic tree was constructed by using a neighbour-joining method (Saitou & Nei, 1987) in the MEGA4 software (Tamura et al., 2007) with bootstrap values based on 1000 replications (Felsenstein, 1985) . Pairwise sequence similarity values between strain YC7001
T and related taxa were computed by using the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . DNA-DNA hybridization was carried out to evaluate the level of DNA relatedness between strain YC7001
T and its closest relative C. sancti KACC 13046
T by using a previously described procedure (Park et al., 2011) .
The 16S rRNA gene sequence of strain YC7001
T was a continuous stretch of 1491 nt. Based on the phylogenetic analysis of 16S rRNA gene sequence, the closest relatives of strain YC7001 T were C. sancti NBRC 15057 T (96.9 %), C. ginsengisoli Gsoil 052 T (95.9 %), C. pinensis DSM 2588 T (95.7 %), C. filiformis IFO 15056 T (95.7 %) and C. niabensis JS13-10 T (95.0 %). The phylogenetic tree based on the neighbour-joining algorithm showed that strain YC7001 T formed a cluster with C. sancti NBRC 15057
T with 99 % bootstrap support (Fig. 1) . The DNA-DNA relatedness value between strain YC7001 T and C. sancti KACC 13046 T , the most closely related species, was 15.2±0.6 %.
Results of phylogenetic analysis (Fig. 1) , physiological and biochemical characteristics (Table 1) , polyamine patterns, polar lipids analysis (Fig. S1 ) and fatty acid profiles (Table 2) supported the affiliation of strain YC7001
T to the genus Chitinophaga in the family Chitinophagaceae. Strain YC7001 T thus represents a novel species of the genus Chitinophaga, for which the name Chitinophaga oryziterrae sp. nov. is proposed.
Description of Chitinophaga oryziterrae sp. nov.
Chitinophaga oryziterrae (o.ry9zi.ter9ra.e. L. n. oryza -ae rice; L. n. terra -ae earth, soil; N.L. gen. n. oryziterrae of the rice soil or field, referring to the source of isolation of the type strain). With the API ZYM kit, shows positive reactions for activities of alkaline phosphatase, leucine arylamidase, valine arylamidase, trypsin, acid phosphatase, naphthol-AS-Bl-phosphohydrolase, a-galactosidase and b-glucosidase, but not for lipase (C14), cystine arylamidase, a-chymotrypsin, amannosidase or a-fucosidase. The predominant menaquinone is MK-7; homospermidine is the major polyamine. The polar lipids are phosphatidylethanolamine, unknown aminolipids and unknown lipids. The major fatty acids are C 15 : 0 iso, C 16 : 1 v5c and C 17 : 0 iso 3-OH.
The type strain, YC7001 T (5KACC 14533 T 5JCM 16595 T ), was isolated from rhizosphere soil from a rice field collected at Jinju, Republic of Korea. The DNA G+C content of the type strain is 41.3 mol%.
